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Table IV.D.8. Computation of uncertaintyidistribution for ERR at 1 Sv. 8, Thyroid cancer, combined sexes:
Lognormal theory geometric mean (GM) and geometric standard deviation (GSD), by exposure age.

Exposure age GM
0 9.463
5 | 6.262
10 ; 4.136
15 f 2.732
20 1.804
25 1.192
30 0.788
35 0.521
40 0.345
45 0.228
. 50 0.151
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Table IV.H.1. Photons and electrons: Summary of probability distributions of radiation
effectiveness factors to be used in estimating cancer risks and assigned shares in accordance with
eq. IV.H.1), IV.H.3), or IV.H.4)*

Probability distribution of radiat@R

Radiation type Exposure . effectiveness factor (REF,)
Photons Chronic or
; acute’|
E > 250 keV Single-valued at 1.0 (higher-energy photons are

assumed reference radiation)

E =30-250keV - Hybrid distribution with —
25% probability assigned to value 1.0;

75% probability assigned to lognormal distribution
with 95% confidence interval between 1.0 and 5.0

E <30 keV Product of two distributions —
(1) hybrid distribution for B = 30-250 keV; and

(2) triangular distribution with minimum of 1.0, mode -
of 1.3, and maximum of 1.6

Electrons Chronic or

acute’
E> 15 keV Single-valued at 1.0 (assumed to be same as value for
| reference higher-energy photons)
E<15 kéVc 3 Lognormal distribution with 95% confidence interval

between 1.2 and 5.0

“The equations are given in Seéction IV.H of the report. Equation (IV.H.1) applies to solid tumors,
eq. {IV.H.3) applies to leukemias under conditions of chronic exposure, and eq. (IV H.4) applies to
leukemias under conditions of acute exposure,

*When eq. (IV.H.1) is used, DDREF is always applied under conditions of chronic exposure. At
acute doses greater than 0.2 cGy, DDREEF is assumed to be 1.0. At acute doses less than 0.2 ¢Gy, a
DDREF that can exceed 1.0 is applied, and the distribution of possible values approaches the probability
distribution of DDREF that applies to all chronic exposures as the dose approaches zero.

“Probability distribution is based on data on RBE for low-energy beta particles emitted in decay
of tritium (CH); distribution is applied to other electrons of energy less than 15 keV, except low-energy
Auger electrons emitted by radionuclides that are incorporated into DNA are excluded.
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Table IV.H.2. Alpha particles: Sumtnary of probability distributions of radiation effectiveness
factors to be used in estimating cancer risks and assiggedgshares in accordance with eq. (IV.H.1)

or (IV.H.3)*
: obability distribution of radiation
Cancer type Exposure effectiveness factor (REF,)
Leukemias® Chronic’
All energies of Hybrid distribution with -
alpha particles :
25% probability assigned to value 1.0;
50% probability assigned to lognormal distribution
with 95% confidence interval between 1.0 and 15;
25% probability assigned to lognormal distribution
with 95% confidence interval between 2.0 and 607
Solid tumors Chronic®
All energies of Lognormal distribution with 95% confidence interval
alpha particles between 3 and 80

Correction for inverse dose-rate effect for all exposures to alpha particles —
Discrete distribution with -

70% probability assigned to value 1.0;
20% probability assigned to value 1.5;
7.5% probability assigned to value 2.0;
2.5% probability assigned to value 3.0

“The equations are given in Section IV.H of the report. Equation (IV.H.1) applies to solid tumors,
and eq. (IV.H.3) applies to leukemias.

®Assumed probability distribution applies to leukemias, lymphomas, and lymphocytic cancers.

“Acute exposures to alpha particles emitted by radionuclides generally should not occur;
correction factor to account for inverse dose-rate effect under conditions of chronic exposure to alpha
particles is applied in all cases.

“Distribution is the same as that assumed for leukemias induced by acute exposure to 0.1-2 MeV
neutrons (see Table IV.H.3).
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Table IV.H.3. Neutrons: Summary of probability distributions of radiation effectiveness factors
to be used in estimating cancer risks and assigned shares in accordance with eq. (IV.H.2) or

(IV.H3)"
P bﬁility distribution of radiation
Cancer type Exposure ¢y 13,5 etfectiveness factor (REF.)
Leukemia® Chronic or .
acute’ i

Neutron energies

E=0.1-2 MeV*

Lognormal distribution with 95% confidence interval
between 2,0 and 60

E=10-100 keV;

Stepwise uniform distribution with —

E =2-20 MeV
30% probability assigned to values from 1.0 to 4.0;
50% probability assigned to values from 4.0 to 8.0;
20% probability assigned to values from 8.0 to 40

E<10keV; Stepwise uniform distribution with —

E>20 MeV

30% probability assigned to values from 1.0 to 2.3;
50% probability assigned to values from 2.3 to 3.5;
20% probability assigned to values from 3.5 to 25

Table is continued on following page.

IREP, May 4, 2002: page 103 of 110




Table IV.H.3. Neutrons: Summary 6f probability distributions of radiation effectiveness factors
(continued)

Probability distribution of radiation

Cancer type Exposure effectivgness factor (REFy)
Solid tumors Chronic or - ?“ 4
acute’ w

Neutron energies

E=0.1-2 MeV’ Lognormal distribution with 95% confidence interval

between 2.0 and 30
E = 10-100 keV; Stepwise uniform distribution with —
E = 2-20 MeV

30% probability assigned to values from 1.0 to 3.0;
50% probability assigned to values from 3.0 to 5.0;
20% probability assigned to values from 5.0 to 20

E <10 keV; Stepwise uniform distribution with -
E > 20 MeV
30% probability assigned to values from 1.0 to 1.6;
50% probability assigned to values from 1.6 to 2.4;
20% probability assigned to values from 2.4 {0 12

Correction for inverse dose-rate effect for chronic exposures to neutrons ~
Discrete distribution with —

50% probability assigned to value 1.0;
30% probability assigned to value 1.5;
15% probability assigned to value 2.0;
5% probability assigned to value 3.0

“The equations are given in Section IV.H of the report. Equation (IV.11.2) applies to solid tumors,
and eq. (IV.H.3) applies {o leukemias.
Assumed probability distributions apply to leukemias, lymphomas, and lymphocytic cancers.
“Under conditions of chronic exposure only, correction factor to account for inverse dose-rate
effect is applied.
Energy range includes spectrum of fission neutrons.
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Table IV.L1, Factors for adjusting the lung cancer ERR,,, for smoking status under the assumption of an
additive interagtion model.
Used i m the 1985 report  Used in deriving uncertainty distribution for this

. | report (Ws¥)
Smoking category (S) Males Females Males Females
Total 1.00 1.00 1.00 1.00
Never smokers 6.81 4.64 4,74 3.90
Former smokers 1.71 1.17 e F39 A%T 0.98
Present smokers (all) 0.604 0411 L FGA 0.35
<10 cigarettes/day 175 | 1.19 S 122 1.00
10-20 clgarettes/day 071 0.48 0.49 0.41
21-39 clgarettes/day 041 0.28 0.28 0.23
40+ cigarettes/day 0.29 0.20 0.20 0.16
Ever smoker (Present

and former smokers) 0.73 0.47 0.51 041
Table IV.L2. Percentage of the U.8, population in various smoking categories

| Used in the 1985 report Used in this report
1 (Status in 1964-65) (Status in 1993)

Smoking categéﬂ (8) Males Females Males Females
Never smokets | 20.8 59.0 42.4 57.8
Pormer smokers 19.2 7.8 29.9 19.7
Current smokers (all) 51.0 33.2 27.7 22,5
<10 cigarettes/day 13.6 13.5 7.4% 9.2%
10-20 cigareites/day 24.7 15.0 13.4% 10,2%
21-39 cigarettes/day 11.2 4.4 6.1% 3.0%
40+ cigarettes/day L4 03 0.8% 0.2%

*These- percentgges were obtained by assuming distribution by amount smoked among current smokers was the same
as that used in the 1985 report (p.50) | A
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Appendix Table C.1. Comparison of approach 1 and approach 2 for estimating the 99% upper statistical uncertainty
limit for assigned share, by ages at exposure and at diagnosis. Tabulated values are the approach 2 estimate, in
percent, for a 50% approach 1 estimate.

Sex, cancer site Age at .+ Age at cancer diagnosis
corr(loga, y)  corrfloga, ) exposure 55 0 15 40 45 50
Male, all digestive cancers 18 0.9 51.5 52.2 52.8 33.3 33.5
20 51.0 51.7 523 52.7 53.0
314 -082 25 50.3 50.8 51.2 51.6
230 49.3 49.7 50.0
Female, all digestive cancers 18 51.8 52.4 53.0 53.8 53.6 533
20 51.9 52.5 53.0 53.2 53.0
343 -011 25 51.1 51.5 51.7 51.7
>30 49.9 50.0 50.0
Female, stomach cancer 18 52.4 52.8 53.2 533 53.2 529
20 524 52.7 52.9 52.8 52.5
279 031 25 515 51.6 51.6 51.4
230 50.2 501 50.0
Both sexes, liver cancer 18 50.2 51.0 51.8 52.5 53.1 53.5
20 50.5 51.2 51.9 52.5 53.0
307 115 25 49.8 504 51.0 51.6
=30 49.0 49.5 50.0
Female, breast cancer 18 52.1 532 54.6 56.0 56.6 56.5
20 524 53.6 54.9 55.8 55.8
580 107 25 51.1 51.9 527 532
230 492 49.6 50.0
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Appendix Tzftble E.1. Comparison of ERR values as calculated using CIRRPC and IREP.
Tabulated ERR values are for a male (female in the case of breast cancer) who developed cancer
at age 55 (unless indicated otherwise) following exposure to a chronic dose of 1¢Sv at age 20.

(1) . (@) (3) ) (5) 7
Type of Cancer ERRS5! Doseand FDL Bagelin IREP ERR
' at 1 ¢8v, linearity XERRSS at § 2 at 1 cSv, x100
%100 factor?, 1 cSv, x100
FDL

Leukemla except CLL |

Peak® , 6.13 243 14.9 1.2 17.9 16.8

15 years afer exposure  2.05 2.43 5.0 1.2 6.0 4.6

30 years after exposure 0.23 243 0.56 1.2 0.68 0.67
Acute Myeloxd Leuk.

Peak® 5.96 243 14.5 1.2 174 5.1

15 years after exposure 1.87 243 4,6 1.2 3.5 2.9

30 years after exposure (.15 243 0.35 1.2 042 1.2
Chronic Myelmd Leuk, . ,

Peak® | 6.35 2.43 15.4 12 185 26.9
15 years after exposure 2,51 243 6.1 1.2 7.3 23
30 years after exposure (.62 243 1.5 1.2 1.8 0.06
Esophagus 0.207 2.43 0.50 23 1.16 0.34
Stomach " 0.569 243 1.5 1.9 2.6 0.22
Colon 0.167 243 0.41 24 0.97 0.47
Liver 3 2.81 2.43 6.9 2.6 179 1.28
Pancreas ‘ 0.446 243 11 L9 2.1 0.10
Lung (N on-smbker) 0.831 2.43 20 2.2 4,44 0.38
Lung (Smoker) 0.074 243 0.18 22 0.40 0.16
Urinary ! 0.124 2.43 0.30 4.1 1.24 0.46 or 0.35°
Female Breast 0.606 1.00 0.61 1.9 i.15 0.38
Thyroid 2,82 1.00 2.8 2.7 6.3 1.2

"The ERR at 1 cSv as given by NIH (1985)
*For non-linear estimates based on the A-bomb survivor data, the factor includes 1.62 to correct for dosimetry-
related bias and 1.5 to correct for a one~third probability of a linear dose-response.
*To calculate OIRRPC screening doses, ERRs were adjusted upward to consider the poss1b111ty that a subject might
have an exceptlonally low baseline risk. These factors were obtained as ratio of average U.S. rate divided by the
10™ percentile of the distribution for all U.S, counties.
“These are ERRs based on 5000 iterations with IREP.
*The first value is that for all urinary cancers; the second is that for bladder cancer.
SThis the maximum ERR for all time periods after exposure, For the NIH tables, this occurred in the period 3-8
years following exposure. For IREP, the maximum occurred five years after exposure,

|
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Appendix Table E.2. Comparison 6f ERR Values as calculated using CIRRPC and TREP. Tabulated ERR values are
for a male (female in the case of breast cancer) who developed cancer at age 55 (unless indicated otherwise)
following exposure to a chronic dose of 1cSv at age 30.

@ @ B @ 6) © Q)
Type of Cancer ERRS85’ Doseand FDL Baseline FDIL x IREP ERR
at 1 cSv, linearity xERRSS at ,,,F,agg)f’, FBx at 1 cSv, x100
%100 factor?, 1¢Sv, x100 FBY ERR85 at 1
FDL : cSv, x100

Leukemia except CLL .-

Peak’ 3.95 2.43 9.6 1.2 115 10.4

15 vears afer exposure 1,73 243 4.2 1.2 5.0 3.7

30 vears after exposure (1,17 243 0.41 1.2 0.50 0.75
Acute Myeloid Leuk,

Peak® 3.75 2.43 9.0 1.2 10.8 5.1

15 years after exposure 1.63 243 39 1.2 4.7 29

30 years after exposure 0.15 243 0.36 1.2 0.44 1.2
Chronic Myeloid Leuk.

Peak’ | 5.49 2.43 13.3 1.2 16.0 26.9

15 years after exposure  2.15 243 5.2 1.2 6.3 23

30 years after exposure  0.27 243 0.66 1.2 0.79 0.06
Esophagus 0.077 243 0.19 23 043 0.21
Stomach 0.270 2.43 0.66 1.9 1.25 0.13
Colon 0.077 2.43 0.19 2.4 0.45 0.28
Liver 0.843 2.43 2.05 2.6 53 0.76
Pancreas 0.176 243 0.43 1.9 0.81 0.06
Lung (Non-smoker) 0.366 243 0.8¢ 22 2.0 0.38
Lung (Smoker) 0.032 2.43 0.08 2.2 0.17 0.16
Urinary 0.064 243 0.16 4.1 0.64 0.27 or 0.20°
Female Breast 0.268 1.00 0.27 L9 0.51 0.26
Thyroid 1.19 1.00 1.19 27 32 0.53

Footnotes are the same as in Appendix Table E.1 ?‘
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Appendix Table E.3. Compatison of ERR values as calculated using CIRRPC and IREP. Tabulated ERR values are
for a male (female in the case of breast cancer) who developed cancer at age 55 (unless indicated otherwise)
following exposure to a chronic dose of 1¢Sv at age 40.

(1 @ 3) @ (&) © : 0
Type of Cancer ERRgS! Dose and FDL Baseline  FDL x IREP ERR
at 1 cSv, linearity xERRS85 at  Factor’, FBx at 1 cSv, X100
*x100 ) factor?, 1cSv, x100 FB ERRR5 at 1
FDL cSv, x100

Leukemia except CLL . ?Eﬁ

Peak® 2,04 243 4.9 @@ & 5.8 6.5

15 years afer exposure 1,21 2%? e 29 1.2 3.5 29

30 years after exposure 0.16 243 039 1.2 047 0.85
Acute Myeloid Leuk. oo

Peak® 1.63 243 40 1.2 4.8 5.1

15 years after exposure 1.21 243 29 7 1.2 3.5 2.9

30 years after exposure 0.16 243 0.39 1.2 047 1.2
Chronic Myeloid Leuk.

Peak® 4,93 243 12,0 1.2 14.4 26.9
15 years after exposure 1,10 243 27 1.2 32 23
30 years after exposure 0,18 243 0.44 1.2 0.52 .06
Esophagus 0.044 243 0.11 2.3 0.25 0.21
Stomach 0.150 2.43 0.36 19 0.69 0.13
Colon 0.038 243 0.09 24 0.22 0.28
Liver 0.331 243 0.80 2.6 2.1 0,76
Pancreas 0.094 243 0.23 1.9 0.43 0.06
Lung (Non-smoker) 0.221 243 0.54 2.2 1.2 0.38
Lung (Smoker) 0.032 2.43 0.08 22 0.17 0.16
Urinary 0.040 243 0.10 4.1 0.40 0.27 or 0.20°
Female Breast 0,100 1.00 0.10 1.9 0.19 0.26
Thyroid 1.11 1.00 111 2.7 3.0 0.23

Footnotes are the same as in Appendix Table E.1
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Appendix Table E4. Comparison of 99% screening doses (in ¢Sv) from CIRRPC and TREP for males (except breast
cancer) exposed to a chronic dose at age 20, 30, or 40 and who developed cancer at age 55 (unless indicated
otherwise)

Type of Cancer 99% screening doses 99% s‘%g g doses for  99% screening doses for
for exposure at age 20 exposufeatigee 30 exposure at age 40
CIRRPC' IREP? CIRRPC' IREP? CIRRPC' IREP?

Leukemia except CLL

Peak’ 1.1 (13) 22 L7 (2.0) 42 33 (40) 65

15 years after exposure® 33 (39 1 39 (4.6 15 55 (6.6) 19
Acute Myeloid Leuk.

Peak® 1.1 (13) 58 8 58 41 49 538

15 years after exposure” 3542 16 0 49 16 35 (6.6) 16
Chronic Myeloid Leuk.
Peak® 09 (1.1) 1.2 13 (1.6) 1.2 14 (1.7 12

15 years after exposure’ 27 (32) 11 32 (3.8 11 59 (7. 11
Esophagus 39 (86) 45 9.9 (21) 80 17 (34) %0
Stomach 6.9 (12) 34 14 (24) 64 23 (41) o4
Colon 17 (36) 49 33 (65) 90 58 (108) 90
Liver 1.0 (2.6) 14 33382 23 82 (20 23
Pancreas 58 (11) 122 14 (24) 226 24 (41) 226
Lung (Non-smoker)y’ 43 9.1y 5 93 (19 51 15 (30) 3]
Urinary 13 (44) 550r62° 23 (71) 99 or 111° 35 (100) 99or111°
Female Breast 227 (41) 63 497 (93) 80 1327 (251) 80
Thyroid 347(92) 8.5 79721 21 9.5 (26) 34

'The main entries are the screening doses (in ¢Sv) as given by CIRRPC, Table 3. The entries in parentheses are the
screening doses that would have been obtained without the assumption that subjects had exceptionally low baseline
risks.

*These screening doses were based on 5000 iterations with IREP. No uncertainty was included for the dose estimate, -

3CIRRPC screening doses for leukemia within 20 years of exposure were based on the time since exposure that
resulted in the maximum ERR. For IREP, the maximum occurred five years after exposure.

‘CIRRPC screening doses for lenkemia 20 or more years afier exposure were based on ERRs 15 years after
exposure.

*CIRRPC screening doses for lung cancer in persons for whom smoking status was unknown at the time of screening
were based on non-smokers, CIRRPC screening doses for lung cancer for persons known to be smokers at the time
of screening were based on the assurnption that smoking statys was unknown, a category that was not availabie in
IREP.

The first screening dose is based on all urinary cancers (used in IREP for urinary cancer other than bladder), and
the second screening dose is based on bladder cancer.

*The CIRRPC screening doses for female breast and thyroid cancer were incorrectly based on a linear-quadratic
dose-response function. The values above correct this error and are based on a linear dose-response function.
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